Abstract This study focused on the clutch size and age-specific apparent survival rate of the Little Owl (Athene noctua) population in Upper-Kiskunság, Hungary. Between May 2005 and April 2017, 640 individuals were captured and ringed in a total of 746 capture-recapture occasions. Artificial nest boxes were installed in the study area, breeding birds and pulli were captured for ringing/recaptured in these boxes (from March to May), or at the close neighbourhood of those (max. 168 m). Jolly-Seber's open population method was applied to model the survival rate. The candidate model set included models incorporating age, year-effect, and the combination of those. AICc value was used to compare models in a selection approach. The final model was constructed via model averaging based on the models with significant explanatory power. The average number and SD of pullus/breeding pair was 3.78 ± 0.76. The average apparent annual survival rate (which does not differentiate between mortality and permanent emigration) for the period between pullus stage and the time of the first breeding was estimated as 9.47% ± 2.99% SE, whereas the annual survival rate of adults was 82.74% ± 8.46% SE. The effect of sex on the survival rate of adults was not investigated due to female-biased sample, as the probability of capturing females is significantly higher in late spring months. Our experience reveals that during February and March it is possible to capture both sexes in the nest boxes, and it does not influence negatively the breeding success. Based on our results, the population of the Little Owl is stable in Upper-Kiskunság. A slight increase in estimated population size is observable even if we make no difference between mortality and permanent emigration. The high occupancy rate of the installed nest boxes reveals that nest site availability is an important limiting factor in the studied population.
gas elfoglalási aránya azonban azt is jelzi, hogy a költésre alkalmas helyek száma fontos limitáló tényező lehet
Introduction
The populations of the Little Owl (Athene noctua) have suffered from serious decline throughout Europe during the last decades (e.g. Tucker & Heath 1994 , Génot & Van Nieuwenhuyse 2002 , Kitowski 2003 , Štastný et al. 2006 , Van Nieuwenhuyse et al. 2008 , Šá-lek & Schröpfer 2008 , Thorup et al. 2010 , Šálek 2014 . The causes of this pattern could be originating from various sources. Changes in agronomy (intensification) and the reduction of landscape heterogeneity are factors with significant negative effect (Van Nieuwenhuyse et al. 2008 , Framis et al. 2011 , Šálek et al. 2016 . In Central Europe, these are the extensive pastures close to settlements which form the most important breeding sites (Šálek et al. 2013 , Bozó & Csathó 2018 . Due to the declining tendencies observed regarding the entire European population, research and conservation actions have been carried out in increasing number (Génot 1992 , Angelici et al. 1997 . Ecological demands of the Little Owl have been studied in detail (e.g. Schwarzenberg 1970 , Schönn et al. 1991 , Exo 1992 , Van Nieuwenhuyse et al. 2001 , Hardouin et al. 2006 , Tomé et al. 2008 , Van Nieuwenhuyse et al. 2008 , but data on population dynamics and survival rate are still scarce (Exo & Hennes 1980 , Kӓmpfer-Lauenstein & Lederer 1991 , Letty et al. 2001 , Schaub et al. 2006 , Van Nieuwenhuyse et al. 2008 , Thorup et al. 2010 , Le Gouar et al. 2011 .
The basic conditions of reaching/maintaining the stable conservation status of a specific population can be defined in different ways due to different approaches (e.g. von Haartman 1971 , IUCN/SSC Criteria Review Working Group 1999 .
Regarding the Hungarian Little Owl population, its spatial distribution is well-known but data is lacking on temporal changes/tendencies in population size. The Little Owl is present throughout Hungary, especially east of the river Danube (Schönn et al. 1991 , Gorman 1995 . The core population inhabits the Hungarian Plain, although breeding pairs can be found in hilly parts of the country, in smaller density (Gorman 1995) . Typical nesting sites are the lofts of farm-houses and barns (Schmidt 1998) . The estimated size of the Hungarian Little Owl population is approximately 1,500-4,000 breeding pairs, and the population tendencies are considered to be negative (Gorman 1995 , Hadarics & Zalai 2008 , BirdLife International 2016 , Hámori 2017a . The main threatening factors are: a) the lack of proper nesting sites as modern buildings are less sufficient for breeding (Orbán 1985) , b) the significant increase in the abundance of the Beech Marten (Martes foina), which is one of the main predators of the Little Owl (Kalotás 1987) , c) the indirect effect of rodenticides, d) the abandonment of pastures, e) increased mortality of juveniles by suffocation in drinking troughs (Génot 1991) and by f) falling in chimneys and other unescapable places (Clech 1993 , Zvářal 2002 . Based on dead recoveries of ringed individuals (44 specimens it total), the main causes of mortality were: a) unknown (56.8%), b) being hit by cars (15.9%), c) natural causes (11.4%), d) hunting (4.5%) and e) predation (2.3%) (Bankovics & Vadász 2009) . No quantitative studies have yet been published on the demographic data and population trends of the Hungarian Little Owl population.
Efforts focusing on the conservation of the Little Owl involve the maintenance of sufficient feeding grounds and providing suitable nesting habitats (Van Nieuwenhuyse et al. 2008) . The shortage in nesting possibilities is a common threatening factor for many species nesting in tree cavities. As the Little Owl does not build own nest, its population is usually limited by the available nesting sites (Sutherland et al. 2004) , or even the decrease in available nesting sites directly leads to decreasing population size (Génot & Van Nieuwenhuyse 2002 , Thorup et al. 2010 ). This species is well-known for occupying artificial nest boxes. Based on this phenomenon, a number of national and international projects have been implemented to increase the probability of nesting by installing artificial nest boxes (Kirchberger 1988, Lecomte et al. 2001 , Leigh 2001 , Gottschalk et al. 2011 . Evidently, it is of crucial importance that artificial nest boxes are installed in the neighbourhood of suitable feeding grounds characterised by the lack of natural nesting opportunities. However, in a long-term perspective it is regarded more plausible to maintain or to contribute to the formation of natural nesting sites for the Little Owl. Nevertheless, suitable nest boxes installed at proper places can definitely provide us the possibility of ringing pulli and adults, monitoring nesting success and also result in lower rate of nest predation (Hámori 2017b) . By analysing capture-recapture data, it is possible to answer important questions (e.g. about the quality of the surrounding feeding ground), or to test hypotheses (e.g. whether the nest boxes act as ecological traps or not) (Gehlbach 1994 , Mänd et al. 2005 , Klein et al. 2007 .
From nature conservation perspective, two of the main questions about the targeted populations are: a) Is the investigated population stable (i.e. not showing decrease in population size)? b) Does the investigated population act as a source population in meta-population dynamics? Considering the fundamental demographic processes, in a stable population annual mortality of adults must be compensated by the survival of young individuals entering the adult age group. The number of young individuals can also be regarded as the product of two factors: the number of fledged individuals, and their survival rate considering the period between fledging and the first breeding attempt. Therefore, to answer the first question, it is important to know the survival rates of different ages (pullus, juvenile, adult) and sex groups.
Criteria of acting as a source population are met in case of a positive internal population growth parameter (r) when dispersal is possible (i.e. colonising new, suitable breeding grounds). Density is known to influence the dispersal (and the reproductive success and also the habitat use) of the Little Owl (Exo 1992 , Van Nieuwenhuyse et al. 2008 . As suitable breeding grounds are more-or-less isolated in space compared to the average home range of this species, dispersal ability is a key attribute that shape the distribution of the metapopu lations. Pairs of Little Owls stay together throughout the whole year, without overlaps among the territories of neighbouring pairs (Exo & Hennes 1980 , Glue & Scott 1980 , Juillard 1984 , Exo 1992 . European studies revealed that the average distance covered by natal dispersal (i.e. the distance between the place of fledging and the place of first breeding attempt) is approximately 6.2 kilometres (Exo & Hennes 1980 , Mikkola 1983 , Eick 2003 . Juveniles stay close to the nest where they fledged for 35-45 days (Pedersen et al. 2013) , and start the natal dispersion when they reach the age of 12-16 weeks old (Van Nieuwenhuyse et al. 2008) . Natal dispersal is completed by the end of October. Most of the juveniles do not cover a distance more than 20 km, translocations exceeding 50 km are rare, and only less than 3% of ringed pulli and juveniles move further than 100 km (Cramp 1985 , Putze et al. 2009 ). Breeding dispersal usually covers even shorter (less than 10 km) (Schönn et al. 1991 , Van Nieuwenhuyse et al. 2008 . Pairs of the Little Owl defend the same territory for years. Their home range covers 14-120 ha, depending on the age of individuals, population density, season and habitat characteristics (Šálek et al. 2016) . In case of mate loss, surviving adults usually choose a new mate or can move to a new territory (Sunde et al. 2009) .
Within the frames of our conservation activities, artificial nest boxes have been installed in Upper-Kiskunság. With this study, we aimed to answer the following questions: -What is the average number of pulli in artificial nest boxes in the study area?
-What is the average apparent survival rate (which does not differentiate between mortality and permanent emigration) of individuals fledged in artificial nest boxes for the period between pullus stage and the time of the first breeding? -What is the average apparent annual survival rate of adult individuals breeding in artificial nest boxes in the study area? -Considering the above characteristics, can the studied population be regarded as stable (characterised with an overall positive population growth rate)?
Material and methods
The study area is located at the Hungarian Plain in Central Hungary, covering gross 70,000 hectares (centroid: N 47.068106, E 19.222133). This area is characterised by continental climate, medium level of annual precipitation (540-670 mm), hot summers and relatively cold winters (average yearly temperature: 13.3 °C). Formerly, this land was covered by forest steppes and large sand and alkali grasslands, while nowadays more than 60% of the area is used as arable field (Rakonczay 2001 ). Due to the low level of productivity, most of the grasslands are still utilised as extensive pastures, which contributed the survival of many species rare or even extinct in most of Europe. Unlike grasslands, forests of this area represent on average low conservation value, as most of those are plantations of non-native species, such as black locust (Robinia pseudoacacia), pines (Pinus sylvestris, P. nigra), hybrid poplars (Populus × euramericana) managed on short rotation cycles. In these forests there are no suitable nesting sites for the cavity breeding species, such as the Little Owl. Another issue which leads to the decrease in breeding places is that traditional buildings with open lofts (accessible for the Little Owl) slowly disappear and new buildings do not provide suitable breeding places (Hámori 2016) . This is the only region in Hungary that the territories of the Little Owl are adequately mapped. Due to conservation efforts, the density of breeding pairs has increased from 0.098 pairs/100 ha (2003) to 0.161 pairs/100 ha (2016) (Hámori 2016) .
Artificial nest boxes have been installed in large numbers throughout the study area to increase breeding opportunities for the Little Owl. These nest boxes follow a uniform design suggested by Haraszthy (1982) , with small technical developments (Hámori 2012) . The diameter of the entry hole is 85 mm. There is a blocking plate behind the front panel against the Beech Marten (Martes foina) and to provide complete shade.
The installation of artificial nest boxes was started in 2003. Most of the nest boxes (91%) were installed on trees at those sites, which were characterised by apparently suitable feeding grounds but with no suitable breeding places (such as old trees or buildings with accessible loft). Nest boxes were installed (or replaced, if necessary) after the fledging period, usually in August to March. This activity was started with 39 nest boxes in 2003 and to date there are 117 nest boxes are placed and monitored regularly. Nest boxes were checked three times a year: during the incubation, in the feeding periods, and after fledging. Number of eggs and pulli was recorded during the controls. The first breeding occurred in 2005. In a given year, a nest box was regarded as occupied if eggs or pulli were found during the breeding period. Number of fledged juveniles refers to the number of pulli reaching the 21-day old age.
Pulli and adults were individually ringed, after being captured usually inside the nest box, or within a circle with 168-meter radius around it (covering 8.9 ha, which equals with 35% of the average home range of the Little Owl), based on the findings and recommendations of literature (Exo 1987 , Finck 1990 , Génot & Wilhelm 1993 , Martínez & Zuberogoitia 2004 , Sunde et al. 2009 , Šálek et al. 2016 . During ringing, pulli were not sexed, sex of older individuals (juveniles and adults) was identified.
Encounter histories (capture-recapture data) were analysed with program MARK (Cooch & White 2017) . Open population Jolly-Seber method was applied to model the age-specific apparent survival rate. The candidate model set included models incorporating age, year-effect, and the combination of those. The corrected Akaike's Information Criterion (AICc) was used for model comparison. The final model was constructed via model averaging, based on the models with significant explanatory power, according to the recommendations of Posada and Buckley (2004) .
Results
While the number of installed nest boxes increased linearly, the total number of fledged pulli and the ratio of occupied nest boxes increased exponentially. The average number of fledged pulli/nest box varied between 3.77 and 7.00 during the study period (Figures 2a, b) .
During the study period, 521 pulli and 119 older individuals (juveniles and adults) were ringed. In total, there were 746 capture or recapture occasions. The recapture rates of ringed pulli (21 out of 521 individuals) and older individuals (34 out of 119) were 4.03% and 28.57%, respectively.
Due to the small sample size (as it was possible to identify the sex of only 19 pulli, based on following recapture data), it was not possible to incorporate a candidate model with sex groups differentiated in the final model set.
Parameters of candidate models used to estimate the apparent annual survival rates and probability of capture are presented in Table 1 .
Based on model-averaging (taking into consideration the two models with significant explanatory power (i.e. φ (age), p (t) and φ (age), p (age)), the average apparent annual survival rate (which does not differentiate between mortality and permanent emigration) for the period between pullus stage and the time of the first breeding was estimated as 9.47% ± 2.99% SE, whereas the annual survival rate of adults was 82.74% ± 8.46% SE. The effect of sex on the survival rate of adults was not investigated, due to female-biased sample, as the probability of capturing females is significantly higher in late spring months.
Considering the whole study period, the average number and SD of pullus/breeding pair was 3.78 ± 0.76.
Altogether, taking into consideration all the above parameters, the population growth rate was estimated to be slightly positive (r = 0.006) 
Discussion
Our results revealed that the Little Owl population in Upper-Kiskunság is heavily limited by the available nesting sites, which is supported by the fact that by the end of the study period 34.19% of the installed artificial nest boxes have been occupied by breeding pairs. It is absolutely in line with the findings of other European studies (Génot & Van Nieuwenhuyse 2002 , Sutherland et al. 2004 , Thorup et al. 2010 . As nest boxes were installed at places characterised by apparently suitable feeding grounds and with no suitable breeding places (therefore with no breeding pairs), we believe that this phenomenon (i.e. that nest boxes have been occupied) contributes to an overall increase in the number of breeding pairs in the study area. Accordingly, installing nest boxes in regions with limited breeding possibility can contribute to successful conservation of the Little Owl (Kirchberger 1988 , Lecomte et al. 2001 , Leigh 2001 , Gottschalk et al. 2011 .
Hypothetically, it could happen that pairs having bred at other sites/occupied other territories performed a territory shift to occupy a new one. Due to the high level of breeding site fidelity (cf. Schönn et al. 1991 Besides the rate of occupancy, it is very important to test whether artificial nest boxes act as ecological traps (e.g. by attracting breeding pairs but resulting in low level of breeding success). Our results highlight that the annual survival rate of adults breeding in nest boxes is very high (82.74%), which proves that nest boxes are safe breeding structures. Due to high density of the Beech Marten population, which is the most common predator of the Little Owl (Kalotás 1987) , predator-safe breeding sites form the basis of a viable owl population. Furthermore, as the calculated population growth rate was slightly positive (0.006), the population of the Little Owl can be considered as stable in Upper-Kiskunság. As a slight increase in estimated population size is observable even if we can make no difference between mortality and permanent emigration due to the study design (no effort was put to capture and to ring Little Owls breeding at other locations), we can hypothesise that the sub-population nesting in nest boxes can be considered as a kind of source-population, as juveniles fledged from nest boxes can occupy new territories. The exponential character of rate of occupied nest boxes (see Figure 2b ) may support this hypothesis.
As an additional finding, we realised that during February and March it is possible to capture both sexes in the nest boxes, and it does not influence negatively the breeding success.
In Hungary, the core population of the Little Owl is located in the Hungarian Plain, especially east of the river Danube (Schönn et al. 1991 , Gorman 1995 . Our study area is part of the Hungarian Plain, with large, extensively grazed grasslands. Therefore, we hypothesise that loss of suitable feeding habitats is not a significant threatening factor considering the local Little Owl population, contrary to other regions throughout Europe and even in Hungary (Gorman 1995 , Hadarics & Zalai 2008 , Van Nieuwenhuyse et al. 2008 , Framis et al. 2011 , BirdLife International 2016 , Šálek et al. 2016 , Hámori 2017a . Accordingly, it is the amount of available nesting sites which limits the population, forming a serious obstacle towards further population growth. Due to positive changes in the landscape-structure (the extent of pasture has significantly increased during the last two decades) and in forestry practices (old trees with cavity are not removed from forests and roadside groves), the local conditions are preferable for Little Owls in the foreseeable future.
